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NON-VOLATILE MEMORY, WRITING
METHOD FOR THE SAME, AND READING
METHOD FOR THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2013-

106520 filed on May 20, 2013 1n Japan, the entire contents of
which are Incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a non-
volatile memory, a writing method for the same, and areading
method for the same.

BACKGROUND

Processors incorporated in portable information terminals
are expected to consume low power. In order to reduce the

power ol processors, a method 1s suggested, in which an
SRAM (Static Random Access Memory)-based cache

memory that consumes a large standby power 1s replaced with
an SRAM including non-volatile elements. As the transistors
in SRAMs are downsized, leakage power increases 1n both
the operating mode and the standby mode. If a cache memory
1s replaced with a non-volatile SRAM, unnecessary power
supply can be cut off. This leads to a reduction 1n standby
power consumption.

A non-volatile SRAM that 1s based on SRAM cells each
including, for example, six MOS transistors has been sug-
gested as a non-volatile memory that can perform high-speed
SRAM operations. For example, a non-volatile SRAM
including SRAM cells each including six transistors and two
magnetic tunnel Junction (MT1J) elements as magnetoresis-
tive memory devices 1s suggested. Such anon-volatile SRAM
has an SRAM cell configuration 1n which there 1s a leakage
current path from a power supply to GND. This non-volatile
SRAM can reduce standby power consumption because of 1ts
non-volatile characteristics, but cannot reduce the operating,
power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing a memory cell accord-
ing to a first embodiment.

FI1G. 2 1s a diagram showing a layout of the memory cell
according to the first embodiment.

FI1G. 3 1s a diagram for explaining how SR AM data are read
from the memory cell according to the first embodiment.

FIG. 4 1s a diagram for explaining how non-volatile data
are written to the memory cell according to the first embodi-
ment.

FIGS. 5(a) to 5(c) are diagrams for explaining how non-
volatile data are read from the memory cell according to the
first embodiment.

FIG. 6 1s a circuit diagram showing a memory cell accord-
ing to a second embodiment.

FIG. 7 1s a diagram showing a layout of the memory cell
according to the second embodiment.

FI1G. 8 15 a circuit diagram showing a memory cell accord-
ing to a third embodiment.

FIG. 9 1s a diagram showing a layout of the memory cell
according to the third embodiment.
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2

FIG. 10 1s a diagram for explaining how SRAM data are
read from the memory cell according to the third embodi-

ment.

FIG. 11 1s a diagram for explaining how non-volatile data
are written to the memory cell according to the third embodi-
ment.

FIGS. 12(a) to 12(c) are diagrams for explaining how
non-volatile data are read from the memory cell according to
the third embodiment.

FIG. 13 1s a circuit diagram showing a memory cell accord-
ing to a fourth embodiment.

FI1G. 14 1s a circuit diagram showing a memory cell accord-
ing to a fifth embodiment.

FIG. 15 1s a circuit diagram showing a non-volatile
memory according to a sixth embodiment.

FIGS. 16(a) and 16(b) are diagrams showing voltages
applied 1n SRAM operations and MRAM operations of the
non-volatile memory according to the sixth embodiment.

FIG. 17 1s a circuit diagram showing a non-volatile
memory according to a seventh embodiment.

FIGS. 18(a) and 18(b) are diagrams showing voltages
applied in SRAM operations and MRAM operations of the
non-volatile memory according to the seventh embodiment.

FIG. 19 1s a circuit diagram for explaining a half-selected
state 1n the non-volatile memory according to the sixth
embodiment.

FIG. 20 1s a circuit diagram for explaining a half-selected
state 1n the non-volatile memory according to the seventh
embodiment.

FIG. 21 1s a block diagram showing a case where hali-
selection occurs 1n the non-volatile memory according to the
sixth embodiment.

FIG. 22 1s a block diagram showing a case where hali-
selection occurs 1n the non-volatile memory according to the
seventh embodiment.

FIG. 23 1s a block diagram of a non-volatile memory
according to an eighth embodiment.

FIG. 24 1s a circuit diagram showing a memory cell array of
a non-volatile memory according to the eighth embodiment.

FIG. 2515 a circuit diagram showing a memory cell array of
a non-volatile memory according to a modification of the
cighth embodiment.

FIG. 26 15 a block diagram showing a non-volatile memory
according to a ninth embodiment.

FI1G. 27 1s a circuit diagram showing a memory cell array of
a non-volatile memory according to the ninth embodiment.

FIG. 28 1s a circuit diagram showing a memory cell array of
a non-volatile memory according to a modification of the
ninth embodiment.

FIG. 29 1s a diagram showing voltages applied in SRAM
operations and MRAM operations of the non-volatile memo-
ries according to the sixth and the seventh embodiments.

DETAILED DESCRIPTION

A non-volatile memory according to an embodiment
includes: a plurality of memory cells arranged 1n a matrix
form; a plurality of first wiring lines each corresponding to
memory cells of a common row; a plurality of second wiring
lines and a plurality of third wiring lines, each of the plurality
of second wiring lines corresponding to memory cells of a
common column, each of the plurality of third wiring lines
corresponding to memory cells of the common column; and a
plurality of fourth wiring lines each corresponding to one of
the memory cells of the common row and the memory cells of
the common column; each of the memory cells including a
plurality of transistors, a first non-volatile element, a second
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non-volatile element, a first node, and a second node, the
transistors including a first transistor, a second transistor, a
third transistor, and a fourth transistor, the first transistor and
the second transistor being connected in series with the first
non-volatile element, the third transistor and the fourth tran-
s1stor being connected in series with the second non-volatile
clement, the first node being disposed between the first tran-
sistor and the second transistor, the second node being dis-
posed between the third transistor and the fourth transistor,
gates of the first transistor and the third transistor being con-
nected to one of the first wiring lines, a gate of the second
transistor being connected to the second node, a gate of the
fourth transistor being connected to the first node, the first
transistor being connected between one of the second wiring,
lines and the first node, the second transistor being connected
between the first node and one of the fourth wiring lines, the
third transistor being connected between one of the third
wiring lines and the second node, the fourth transistor being
connected between the second node and the one of the fourth
wiring lines, the first non-volatile element being disposed
between the one of the second wiring lines and the first
transistor, between the first transistor and the first node,
between the first node and the second transistor, or between
the second transistor and the one of the fourth wiring lines,
and the second non-volatile element being disposed at a loca-
tion corresponding to a location of the first non-volatile ele-
ment, between the one of the third wiring lines and the third
transistor, between the third transistor and the second node,
between the second node and the fourth transistor, or between
the fourth transistor and the one of the fourth wiring lines.

Embodiments will now be explained with reference to the
accompanying drawings.

(First Embodiment)

A non-volatile memory according to the first embodiment
will be described with reference to FIGS. 1 and 2. The non-
volatile memory according to the first embodiment includes a
memory cell array 1n which a plurality of memory cells 1s
arranged 1n an array form. Fach memory cell has the same
configuration. FIG. 1 shows one memory cell, which has four
MOS transistors M1-M4 and two MTJ elements 10, 20.

The transistor M1 and the transistor M2 are connected in
series, and the transistor M3 and the transistor M4 are con-
nected in series. The gates of the transistors M1, M3 are
connected to a word line WL. One of the source and the drain
ol the transistor M1 1s connected to a bit line BL via an MTJ
element 10, and one of the source and the drain of the tran-
sistor M3 1s connected to a bit line /BL via an M'TJ element
20. Thus, one of the source and the drain of the transistor M1
1s connected to an terminal of the MTJ element 10, and the
other terminal of the MTJ element 10 1s connected to the bit
line BL. One of the source and the drain of the transistor M3
1s connected to one terminal of the MTJ element 20, and the
other terminal of the M1 element 20 1s connected to the bit
line/BL. The other of the source and the drain of the transistor
M1 1s connected to one of the source and the drain of the
transistor M2 via a node N1, and the other of the source and
the drain of the transistor M3 1s connected to one of the source
and the drain of the transistor M4 via a node N2. The other of
the source and the drain of each of the transistors M2, M4 1s
connected to a source line SL. Furthermore, the gate of the
transistor M2 1s connected to the node N2, and the gate of the
transistor M4 1s connected to the node N1.

An MTIJ element includes a first magnetic layer, a second
magnetic layer, and a tunnel barrier layer sandwiched
between the first magnetic layer and the second magnetic
layer. Data “0” or *“1” 1s stored depending on whether the
magnetization direction of the first magnetic layer 1s parallel
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4

to (1n the same direction as) or antiparallel to (In the opposite
direction to) that of the second magnetic layer. The data “0”
may correspond to the state where the magnetization direc-
tion of the first magnetic layer 1s antiparallel to that of the
second magnetic layer, and the data “1” may correspond to
the state where the magnetization direction 1s parallel to that
of the second magnetic layer. In one memory cell, the data
stored 1n the MTJ element 10 and the data stored in the MT1J
clement 20 are set to be complementary to each other. For
example, the data stored 1n the MTJ element 10 1s “0,” and the
data stored 1n the MTJ element 20 1s ““1.” The order of stack-
ing the first magnetic layer, the tunnel barrier layer, and the
second magnetic layer in the MTJ element 10 1s the same as
the order in the M1 element 20.

FIG. 2 shows an example of the layout of the memory cell
1 having such a configuration. In this example, the word line
WL and the source line SL are parallel to each other, and the
bit lines BL, /BL intersect the word line WL and the source
line SL at a right angle, for example. In FIG. 2, Mlg, M2g,
M3g, M4g indicate the gates of the transistors M1, M2, M3,
M4. In the layout shown 1n FIG. 2, the M1 elements 10, 20
are located outside all the transistors M1-M4. Accordingly,
the MTJ elements 10, 20 do not adversely atfect the charac-
teristics of the transistors M1-M4.

Next, the circuit operation of the memory cell according to
the first embodiment will be described with reference to FIG.
3 to FIG. 5(c¢).

(Operations to Write/Read SRAM Data)

If the memory cell 1 shown in FIG. 1 operates in an SRAM,
the source line SL 1s connected to a ground power supply
GND and maintained at 0V, and the word line WL and the bit
lines BL, /BL are supplied with electrical signals that are the
same as those supplied 1n a read operation or write operation

in an ordinary SRAM. In a write operation, voltages V, 0 (or
0, V) are applied to the bit lines BL, /BL, and the word line

WL 1s selected to write the SRAM data “0”, “1” (or “17, “0”)
to the nodes N1, N2 of the memory cell 1.

In a read operation, the potentials of the bit lines BL, /BL
are maintained at a pre-charge potential Vpc, the source line
SL. 1s connected to the ground power supply GND, and a
power supply voltage V 1s applied to the word line WL as
shown 1in FIG. 3. As aresult, the memory cell 1 1s selected, and
the transistor M2 (or transistor M4), the gate ol which 1s
connected to the node N2 (or node N1) storing the SRAM
data “1,” 1s turned ON. Then, the node N1 (or node N2)
storing the SRAM data “0” 1s connected to the ground power
supply GND via the transistor M2 (or transistor M4) and the

source line SL, and a read current Isr for reading the SRAM
data flows through the bit line BL (or bit line /BL). In this

manner, the SRAM data stored 1n the node N1 (ornode N2) 1s
read.
(Operation to Write Non-Volatile Data)

When non-volatile data 1s written to the memory cell 1, the
SRAM data stored 1n the target memory cell 1 1s read 1n the
first step 1n a manner shown 1 FIG. 3. Subsequently, data
corresponding to the SRAM data read in the first step 1s
written to the MTJ element in the second step. For example,
a case where the read operation 1n the first step indicates that
the SRAM data stored in the node N1 1s “0” and the SRAM
data stored in the node N2 1s “1”” will be described below. In
this case, a voltage Vm 1s applied to the source line SL, a
voltage Vmh higher than the voltage Vm 1s applied to the bit
line BL, and a voltage Vml lower than the voltage Vm 1s
applied to the bit line /BL as shown i FIG. 4, where
Vmh>Vm>Vml. If the word line WL 1s selected in this state,
a write current Imw1 tlows from the bit line BL to the source
line SL., and a write current Imw2 flows from the source line
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SL to the bit line /BL. The write current Imw1 switches the
magnetization direction of the MTJ element 10 from the
parallel state (P state) to the antiparallel state (AP state), and
the write current Imw2 switches the magnetization direction
of the MTJ element 20 from the antiparallel state (AP state) to
the parallel state (P state). As a result, the MT1J element 10 1s
brought mto the high-resistance state (antiparallel state AP),
and the MTJ element 20 1s brought 1nto the low-resistance
state (parallel state P).

I, after the read operation 1n the first step, the SRAM data
stored 1n the node N1 1s “1”” and the SR AM data stored 1n the
node N2 1s “0,” the voltage Vm 1s applied to the source line
SL., and the voltage Vmh that 1s higher than the voltage Vm 1s
applied to the bit line /BL, and the voltage Vml that 1s lower
than the voltage Vm 1s applied to the bit line BL. I the word
line WL 1s selected 1n this state, the write current Imw1 flows
from the bit line /BL. to the source line SL, and the write
current Imw2 flows from the source line SL to the bit line BL,
as 1s different from the case shown in FIG. 4. The write
current Imw1l switches the magnetization direction of the
MTJ element 20 from the parallel state (P state) to the anti-
parallel state (AP state), and the write current Imw2 switches
the magnetization direction of the M'TJ element 10 from the
antiparallel state (AP state) to the parallel state (P state).

When non-volatile data 1s written to the memory cell 1, the
voltage levels of the source line SL and the bit lines BL, /BL
are selected such that a current flows through each of the MT1J
clements 10, 20 bi-directionally to write complementary data
thereto. A negative voltage applied to the bit lines BL, /BL
and the substrate bias of the transistors M1-M4a may be used
to cause currents to flow bi-directionally.

(Operation to Read Non-Volatile Data)

When non-volatile data 1s read from the memory cell 1, the
power supply of the memory cell array 1s in the OFF state, and
cach of the nodes N1, N2 1n the memory cell 1s 1n a discharged
state. As shown 1n FIG. 5(a), the mitial voltage levels are set
such that the source line SL 1s at 0V, the word line WL 1s at 0
V, the bit lines BL, /BL. are at 0 V, and the nodes N1, N2 are at
0 V. It 1s assumed that the MTJ element 10 1s 1n the high-
resistance state AP, and the MTJ element 20 1s 1n the low-
resistance state P as shown 1n FIG. 5(b). A voltage of 0V 1s
applied to the source line SL, a power supply voltage V or
pre-charge voltage Vpc 1s applied to the bit lines BL, /BL, and
the voltage applied to the word line WL 1s changed from 0V
to V. The same voltage 1s applied to the bit lines BL, /BL, but
different voltages may be applied to the word line WL and the
bit lines BL, /BL. As aresult, the voltages are split depending,
on the resistance values of the MTJ elements 10, 20 that are
connected 1n series between the source line SL and the bit line
BL, and between the source line SL and the bit line /BL., to set
the potentials of the nodes N1, N2 to be N1=V1, and N2=V?2
(FIG. 5(b)). The resistance value Rap obtained when the MT1J
clements 10, 20 are 1n the high-resistance state 1s greater than
the resistance value Rp obtained when they are in the low-
resistance state. This makes V2 greater than V1. These volt-
ages are amplified at the cross-coupled portion. Thereafter,
the voltage of the word line WL 1s changed to OV again, and

the voltage of the bit lines BL, /BL 1s changed to O V again, as
shown 1n FIG. 5(c¢). As a result, the SRAM data “0” 1s stored

in the node N1, and the SRAM data “1” 1s stored 1n the node
N2, and the read operation 1s completed.

As described above, different voltages are applied to the
source line SLL depending on operations. In other words, the
source line SL 1s connected to different power supplies
depending on operations.

The gate length and the gate width of the transistors M1,
M2, M3, M4 are selected such that when the memory cell 1
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operates i an SRAM, the read operation and the write opera-
tion can be stably performed. In addition, the gate length and
the gate width of the transistors M1, M2, M3, M4 should be
selected such that when the memory cell 1 operates 1n a
non-volatile memory, 1.e., when the MTJ elements 10, 20
store data, a write current flows through each of the MTIJ
clements 10, 20. How the gate length and the gate width of the
transistors M1, M2, M3, M4 are selected also relates to the
voltage levels of the word line WL, the bit line BL, and the
source line SL.. An optimum combination 1s selected in con-
sideration of the characteristics ol the MTJ elements 10, 20 by
means of a circuit simulation. The above also applies to the
second and the third embodiments described later.

As described above, the memory cell 1 according to the

first embodiment includes a no-load SRAM cell including
four transistors M1-M4, and MTJ elements 10, 20 disposed

between the no-load SRAM cell and the bit lines BL, /BL.
Therefore, no leakage current path 1s present between the
power supply and GND, and the nodes N1, N2 for storing
SRAM data are not connected to any of the wiring lines
shared by other memory cells, and are independently present.
Thus, there 1s no path through which the SRAM data 1is
erased. Therefore, according to the first embodiment, the
standby and operating power consumption can be reduced,
and the loss of SRAM data can be prevented.

Furthermore, according to the first embodiment, non-vola-
tile data can be written to each of the MTJ elements by
passing a current bi-directionally through the MTJ element
using the source line SL. The source line SL 1s shared by
adjacent memory cells disposed 1n a row (left and rnight)
direction. Accordingly, a non-volatile SRAM cell can be
achieved, which does not cause a loss of SRAM data present
in the same column when non-volatile data 1s written thereto.
(Second Embodiment)

A non-volatile memory according to the second embodi-
ment will be described with reference to FIGS. 6 and 7. The
non-volatile memory according to the second embodiment
includes a memory cell array in which a plurality of memory
cells 1s arranged 1n an array form. Each memory cell has the
same configuration, which 1s shown in FIG. 6. The memory
cell 1A according to the second embodiment 1s obtained by
disposing the MTJ element 10, which 1s deposed between the
bit line BL and one of the source and the drain of the transistor
M1 In the memory cell 1 according to the first embodiment
shown 1n FIG. 1, between one of the source and the drain of
the transistor M1 and the node N1, and disposing the MTJ
clement 20, which 1s disposed between the bit line /BL and
one of the source and the drain of the transistor M3 1n the first
embodiment, between one of the source and the drain of the
transistor M3 and the node N2.

FIG. 7 shows an example of layout of the memory cell 1A
according to the second embodiment. In this layout, the word
line WL and the source line are parallel to each other, and
intersect the bit lines BL, /BL at a right angle, for example.

If the MTJ elements 10, 20 of the second embodiment are
regarded as resistances, the MT1J elements 10, 20 affect the
transistors M1, M3 as parasitic resistances, and the read char-
acteristics can be improved as compared to those in the first
embodiment.

The circuit operation of the memory cell according to the
second embodiment 1s the same as that of the memory cell
according to the first embodiment.

As 1n the case of the first embodiment, the memory cell 1A
according to the second embodiment has a configuration 1n
which the MTJ elements 10, 20 are disposed between the
transistor M1 and the node N1, and between the transistor M3
and the node N2 of a no-load SRAM cell including the four
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transistors M1-M4. As a result, no leakage current path 1s
present between the power supply and the GND, and the
nodes N1, N2 for storing SR AM data are not connected to any
of the wiring lines shared by other memory cells, and are
independently present. Thus, there 1s no path through which
the SRAM data 1s erased. Therefore, according to the second
embodiment, the standby and operating power consumption
can be reduced, and the loss of SR AM data can be prevented.

Furthermore, non-volatile data can be written to each of the
MTIJ elements by passing a current bi-directionally through
the MTJ element using the source line SL. The source line SL
1s shared by adjacent memory cells disposed 1 a row (leftand
right) direction. Accordingly, a non-volatile SRAM cell can
be achieved, which does not cause a loss of SRAM data
present 1n the same column when the non-volatile data 1s
written thereto.

(Third Embodiment)

A non-volatile memory according to the third embodiment
will be described with reference to FIGS. 8 and 9. The non-
volatile memory according to the third embodiment includes
a memory cell array 1n which a plurality of memory cells 1s
arranged 1n an array form. Each memory cell has the same
configuration, which 1s shown in FIG. 8. The memory cell 1B
of the third embodiment 1s obtained by disposing the MTJ
clement 10, which 1s disposed between the bit line BL and one
ol the source and the drain of the transistor M1 in the memory
cell 1 of the first embodiment shown in FIG. 1, between the
node N1 and one of the source and the drain of the transistor
M2, and disposing the MTJ element 20, which 1s disposed
between the bit line /BL and one of the source and the drain of
the transistor M3 1n the first embodiment, between the node
N2 and one of the source and the drain of the transistor M4.

FIG. 9 shows an example of layout of the memory cell 1B
according to the third embodiment. In this layout, the word
line WL and the source line SL are disposed to be parallel to
each other, and the bit lines BL, /BL. intersect the word line
WL and the source line SL at a right angle, for example.

If the MTJ elements 10, 20 of the third embodiment are
regarded as resistances, the MT1J elements 10, 20 affect the
transistors M2, M4 as parasitic resistances, and the write
characteristics can be improved as compared to those 1n the
first embodiment.

The circuit operation of the memory cell according to the
third embodiment will be described with reference to FIGS.
10 to 12(c).

(Operations to Write/Read SRAM Data)

The memory cell 1B of the third embodiment operates 1n an
SRAM 1n the same manner as the memory cell 1 of the first or
second embodiment. Specifically, the source line SL 1s con-
nected to the ground power supply GND and maintained at O
V, and the word line WL and the bit lines BL., /BL are supplied
with electrical signals that are the same as those supplied in
the read operation or write operation 1n an SRAM. In a write
operation, voltages V, 0 (or 0, V) are applied to the bit lines
BL, /BL, and the word line WL 1s selected to write SRAM
data *0,” “1” (or *1,” “0”) to the nodes N1, N2 of the memory
cell 1. In a read operation, the potentials of the bit lines BL,
/BL are maintained at the pre-charge potential Vpc, the source
line SL 1s connected to the ground power supply GND, and
the power supply voltage V 1s applied to the word line WL, as
shown 1n FIG. 10. As a result, the memory cell 1 1s selected,

and the transistor M2 (or transistor M4), the gate of which 1s
connected to the node N2 (or node N1) storing the SRAM

data “1,” 1s turned ON. Then, the node N1 (or node N2)
storing the SRAM data “0” 1s connected to the ground power
supply GND via the transistor M2 (or transistor M4) and the
source line SL, and a read current Isr for reading the SRAM
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data flows through the bit line BL (or bit line /BL). In this
manner, the SRAM data stored 1n the node N1 (ornode N2) 1s
read.

(Operation to Write Non-Volatile Data)

Non-volatile data 1s written to the memory cell 1B 1n a
manner different from that for the memory cells 1 and 1A 1n
the first and the second embodiments. First, SRAM data 1s
read 1n the same manner as 1n the first and the second embodi-
ments 1n the first step as shown in FIG. 10.

Subsequently, the non-volatile data 1s written to each of the
MTJ elements 10, 20 1n the second step as shown 1n FIG. 11.
Signals supplied to the bit lines BL, /BL and the source line
SL are different from those 1n the first and the second embodi-
ments. The reason for this 1s that the non-volatile data read 1s

opposite to the corresponding SRAM data. A case where,
aiter the first step, the SRAM data stored 1n the node N1 1s “0”

and the SRAM data stored in the node N2 1s “1” will be
described as an example. In this case, a voltage Vm 1s applied
to the source line SL, a voltage Vml 1s applied to the bit line

BL, and a voltage Vmbh 1s applied to the bit line /BL, as shown
in FIG. 11, where Vmh>Vm>Vml. If the word line WL 1s
selected 1n this state, a write current Imw1 flows from the bit
line /BL to the source line SL, and a write current Imw2 flows
from the source line SL to the bit line BL. The write current
Imw2 switches the magnetization direction of the MT1 ele-
ment 10 from the antiparallel state (AP state) to the parallel
state (P state), and the write current Imw1 switches the mag-
netization direction of the MTJ element 20 from the P state to
the AP state. As a result, the MT1J element 10 1s brought into
the low-resistance state (parallel state P), and the MT1 ele-
ment 20 1s brought 1nto the high-resistance state (antiparallel
state AP).

I1, after the read operation 1n the first step, the SRAM data
stored 1n the node N1 1s “1,” and the SRAM data stored 1n the
node N2 1s “0,” the voltage Vm 1s applied to the source line
SL, the voltage Vmh 1s applied to the bit line BL, and the
voltage Vml 1s applied to the bit line /BL, where
Vmh>Vm>Vml. If the word line WL 1s selected 1n this state,
the write current Imw1 tlows from the bit line BL to the source
line SL, and the write current Imw2 flows from the source line
SL to the bit line /BL. The write current Imw1 switches the
magnetization direction of the MTJ element 10 from the
parallel state (P state) to the antiparallel state (AP state), and
the write current Imw2 switches the magnetization direction
of the MTJ element 20 from the antiparallel state (AP state) to
the parallel state (P state). As a result, the MT1J element 10 1s
brought mto the high-resistance state (antiparallel state AP),
and the MTJ element 20 1s brought 1nto the low-resistance
state (parallel state P).

(Operation to Read Non-Volatile Data)

Non-volatile data 1s read from the memory cell 1B in the
same manner as in the first and the second embodiments. As
shown 1n FIG. 12(a), the mitial voltage levels are 0 V 1n the
source line SL, OV 1n the word line WL, 0V 1n the bit lines
BL,/BL, and OV at the nodes N1, N2. It 1s assumed that the
MTJ element 10 1n the low-resistance state P, and the MTJ
clement 20 1s 1n the high-resistance state AP as shown i FIG.
12(b). In this case, 0 V 1s applied to the source line SL, the
power supply voltage V or pre-charge voltage Vpc 1s applied
to the bit lines BL, /BL, and the voltage applied to the word
line WL 1s changed from OV to V. As a result, the voltages are
split depending on the resistance values of the MT1J elements
10, 20 that are connected 1n series between the source line SL
and the bit line BL, and between the source line SL and the bit
line /BL, to set the potentials of the nodes N1, N2 to be
N1=V1 and N2=V2 (FIG. 12(b)). The resistance value Rap
obtained when the MTJ elements 10, 20 are 1n the high-
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resistance state 1s greater than the resistance value Rp
obtained when they are in the low-resistance state. This
makes V2 greater than V1. These voltages are amplified at the
cross-coupled portion. Thereatter, the voltage of the word line
WL 1s changed to O V again, and the voltage of the bit lines
BL, /BL 1s changed to 0V again, as shown in FIG. 12(c). As
a result, the SRAM data “0” 1s stored in the node N1, and the
SRAM data “1” 1s stored 1n the node N2, and the read opera-
tion 1s completed.

Also 1n the third embodiment, different voltages are
applied to the source line SL depending on operations. In
other words, the source line SL. 1s connected to different
power supplies depending on operations.

As described above, the memory cell 1B according to the
third embodiment includes a no-load SRAM cell including
four transistors M1-M4, 1n which M'TJ elements 10, 20 are
disposed between nodes N1 and N2 and the transistors M2
and Md4. Therelfore, no leakage current path i1s present
between the power supply and GND, and the nodes N1, N2
for storing SRAM data are not connected to any of the wiring
lines shared by other memory cells, and are independently
present. Thus, there 1s no path through which the SRAM data
1s erased. Therefore, according to the third embodiment, the
standby and operating power consumption can be reduced,
and the loss of SRAM data can be prevented.

Furthermore, according to the third embodiment, non-
volatile data can be written to each the MTJ elements by
passing a current bi-directionally through the MTJ element
using the source line SL. The source line SL 1s shared by
adjacent memory cells disposed 1n a row (left and right)
direction. Accordingly, a non-volatile SRAM cell can be
achieved, which does not cause a loss of SRAM data present
in the same column when the non-volatile data 1s written
thereto.

(Fourth Embodiment)

A non-volatile memory according to the fourth embodi-
ment will be described with reference to FIG. 13. The non-
volatile memory according to the fourth embodiment
includes a memory cell array including a plurality of memory
cells arranged 1n an array form. Each memory cell has the
same configuration, which 1s shown in FIG. 13. The memory
cell 1C of the fourth embodiment 1s obtained by disposing the
MTIJ element 10, which 1s disposed between the bit line BLL
and one of the source and the drain of the transistor M1 in the
memory cell 1 according to the first embodiment shown in
FIG. 1, between the other of the source and the drain of the
transistor M2 and the source line SL, and disposing the MTJ
clement 20, which 1s disposed between the bit line /BL and
one of the source and the drain of the transistor M3 in the first
embodiment, between the other of the source and the drain of
the transistor M4 and the source line SL.

As 1n the first embodiment, the non-volatile memory hav-
ing such a configuration 1s also capable of reducing the
standby and operating power consumption, and preventing
the loss of SRAM data.

Furthermore, non-volatile data can be written to each of the
MTIJ elements by passing a current bi-directionally through
the MTJ element using the source line SL. The source line SL
1s shared by adjacent memory cells disposed 1 a row (leftand
right) direction. Accordingly, a non-volatile SRAM cell can
be achieved, which does not cause a loss of SRAM data

present 1n the same column when the non-volatile data 1s
written thereto.

(Fifth Embodiment)

A non-volatile memory according to the fifth embodiment
will be described with reference to FIG. 14. The non-volatile

memory according to the fifth embodiment includes a
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memory cell array including a plurality of memory cells
arranged 1n an array form. Each memory cell has the same
configuration, which 1s shown 1n FIG. 14. The memory cell
1D of the fifth embodiment 1s obtained, by depositing the
MTJ element 10, which 1s disposed between the bit line BL
and one of the source and the drain of the transistor M1 1n the
memory cell 1 of the first embodiment shown in FIG. 1,
between the node 1 and the gate of the transistor M4, and
disposing the M'TJ element 20, which 1s disposed between the
bit line /BL and one of the source and the drain of the tran-
sistor M3 1n the first embodiment, between the node N2 and
the gate of the transistor M2.

In the fifth embodiment, an operation in the SRAM mode 1s
performed 1n the same manner as that of the first embodiment.
In the non-volatile mode, the writing of non-volatile data to
the memory cell 1D 1s performed 1n the same manner as 1n the
first embodiment, but the writing to the MT1J elements 10, 20
1s performed using currents for charging or discharging gate
capacitance flowing between the bit line BL and the gate of
the transistor M4, and between the bit line /BL and the gate of
the transistor M2 when current flow between the bit line BL
and the source line SL, and between the bit line /BL. and the
source SL.

Non-volatile data 1s read from the memory cell 1D in the
following manner. When non-volatile data 1s read from the
memory cell 1D, the power supply to the memory cell array in
the OFF state, and the nodes N1, N2 of the memory cell are
discharged. The mitial voltage levels are set such that the
source line SL, 1s at 0V, the word line WL 1s at 0V, the bit lines
BL, /BL are at 0 V, and the nodes N1, N2 are at 0 V. It 1s
assumed that the MTJ element 10 1s 1n the high-resistance
state AP, and the MTJ element 20 1s 1n the low-resistance state
P, in FI1G. 14. A voltage o1 0V 1s applied to the source line SL,
apower supply voltage V or pre-charge voltage Vpc 1s applied
to the bit lines BL, /BL, and the voltage applied to the word
line WL 1s changed from OV to V. The same voltage 1s applied
to the bit lines BL, /BL, but different voltages may be applied
to the word line WL and the bit lines BL., /BL. As a result, the
difference in resistance between the M T element 10 and the
MTIJ element 20 makes the gate voltage of the transistor M4,
the gate of which 1s connected to the MTJ element 10, to be
lower than the gate voltage of the transistor M2, the gate of
which 1s connected to the M1 element 20. This makes the
potential of the node N1 lower than that of the node N2. The
potential difference 1s amplified by the cross-coupled portion.
Thereaftter, the voltage of the word line WL 1s changed to 0V
again, and the voltage of the bit lines BL, /BL 1s changed to 0
V. As aresult, the SRAM data “0” 1s stored i1n thenode N1, and
the SRAM data “1” 1s stored 1n the node N2, and the read
operation 1s completed.

Also in the fifth embodiment, different voltages are applied
to the source line SL depending on operations. In other words,
the source line SL 1s connected to difference power supplies
depending on operations.

The non-volatile memory according to the fifth embodi-
ment writes data to the MTJ elements 10, 20 using currents
for charging and discharging the gates. Therefore, depending
on the characteristics of the transistors forming each memory
cell, 1t may not be possible to pass a suilicient write current
therethrough. However, 1n such a case, the value of current
required for writing data to the M'TJ elements 10, 20 can be
reduced by applying a magnetic field. As a result, 1t 1s possible
to write data to the MTJ elements 10, 20. In the non-volatile
memory according to the fifth embodiment, each MT1 ele-
ment 1s connected to the gate of the transistor M2 or M4, 1.¢.,
connected to the gate contact. Thus, the layout of the memory
cell 1s not complicated. Furthermore, since each M1 element
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1s directly connected to the gate of the transistor M2 or M4,
the capability of driving current flowing through the transis-
tors M2, M4 can be changed depending on the resistance
values of the MT1J elements. Accordingly, the values stored in
the MTJ elements can be easily read at the nodes N1 and N2.
Theretore, the fifth embodiment 1s effective not for data that
1s frequently rewritten, but data that 1s once written and fre-
quently read in a read only memory (ROM).

The non-volatile memory according to the fifth embodi-
ment 1s capable of reducing the standby and operating power
consumption and preventing the loss of SRAM data, as in the
case of the first embodiment.

(Sixth Embodiment)

A non-volatile memory according to the sixth embodiment
will be described with reference to FIGS. 15 to 16(5). In each
the non-volatile memories according to the first to the fifth
embodiments, a source line, which 1s parallel to a word line
WL, 1s provided to each row of memory cells. The non-
volatile memory according to the sixth embodiment has the
same configuration as the first to the fifth embodiments except
tor the source line. In the sixth embodiment, a pair of source
lines SL, /SL 1s provided to each row of memory cells, which
are parallel to the word line WL. For simplification of expla-
nation, each memory cell of the sixth embodiment 1s assumed
to have the same configuration as the memory cell of the first
embodiment shown 1n FIG. 1. The memory cell may be the
memory cell 1A of the second embodiment shown 1n FIG. 6,
the memory cell 1B of the third embodiment shown 1n FIG. 8,
the memory cell 1C of the fourth embodiment shown i FIG.
13, or the memory cell 1D of the fifth embodiment shown 1n
FIG. 14.

FI1G. 15 showsnmemorycells 1,,-1,, inarow, for example
the first row, of the sixth embodiment. In each memory cell

1,. =1, ... n), the other terminal of the MTJ element 10 1s
connected to the bit line BL., and the other terminal of the
MTJ element 20 1s connected to the bit line /BL,. Further-
more, the other of the source and the drain of the transistor M2
in each memory cell 1s connected to the source line SL, and
the other of the source and the drain of the transistor M4 1s
connected to the source line /SL.

FIGS.16(a) and 16(5H) show voltages applied to the bit lines
BL, /BL and the source lines SL, /SL relating to a selected
memory cell of the non-volatile memory according to the
sixth embodiment, in an SRAM operation mode and a non-
volatile operation mode (MRAM operation mode). FIG.
16(a) shows a case where the source lines SL, /SL are com-
monly controlled, and FIG. 16(b) shows a case where the
source lines SL, /SL are independently controlled. Each of the
SRAM operation mode and the MRAM operation mode
includes read operations for data “0”” and data “1,” and write
operations for data “0”” and data *“1.” The indication “Keep” In
the SRAM operation of FIGS. 16(a) and 16(») means that the
pre-charge Voltage 1s maintained. The read operation 1n the
MRAM mode i both the cases shown 1n FIGS. 16(a) and
16(b), and the operations 1n the MRAM mode in which the
source lines SL, /SL are commonly controlled are performed
in the same manner as the operations 1n first embodiment (see
FIG. 16(a)).

Since the sixth embodiment includes two source line, SLL
and /SL, independent write operations can be performed on
the MTJ element 10 and the MT1J element 20 1n the MRAM
operation mode (see FIG. 16(b)). Specifically, when a voltage
1s applied to the word line WL to select a memory cell, to
which data “0” 1s to be written, the voltage applied to the
source line SL 1s set at 0V, and the voltages applied to the bat
lines BL, /BL and the source line /SL are increased to V 5 to
forcibly turn on the transistor M2 to cause a write current to
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flow between the bit line BL and the source line SL, thereby
writing the data to the MTJ element 10. Thereatter, the volt-
age applied to the bit line /BL 1s changed to 0 V, and the
voltages applied to the source lines SL, /SL and the bit line BLL
are set at 'V ,,,, to forcibly turn on the transistor M4 to cause a
write current to flow between the bit line /BL and the source
line /SL, thereby writing the data to the MTJ element 20.
When a voltage 1s applied to the word line WL to select a
memory cell, to which data “1” 1s to be written, the voltage
applied to the bit line BL 1s set at 0V, and the voltages applied
to the source lines SL, /SL. and the b1t line BL are increased to
V 5 to forcibly turn on the transistor M2 to cause a write
current to flow between the bit line BL. and the source line SL,
thereby writing the data to the MTJ element 10. Thereatter,
the voltage applied to the source line /SL 1s changed to 0V,
and the voltages applied to the bit lines BL, /BL and the
source line SL are set atV ,, , to forcibly turn on the transistor
M4 to cause a write current to flow between the bit line /BLL
and the source line /SL, thereby writing the data to the MTJ
element 20. The voltage V , , 1s higher than the voltages Vmh
and Vml. I data are independently written to the M1 ele-
ment 10 and the MTJ element 20, such voltages as Vm, Vmbh,
Vml may be applied mnstead of 0 V, as shown in FIG. 29.
Specifically, when a voltage 1s applied to the word line WL to
select a memory cell, to which data “0” 1s to be written, the
voltage applied to the source line SL 1s set at Vm, the voltage
applied to the bit line BL 1s set at Vmh, and the voltages
applied to the bit lines /BL and the source line /SL are set at
Vdd to forcibly turn on the transistor M2 to cause a write
current to flow between the bit line BL and the source line SL,

thereby writing the data to the MTJ element 10. Thereafter,

the voltage applied to the bitline /BL 1s set at Vml, the voltage
applied to the source line /SL 1s set at Vm, and the voltages
applied to the source line SL and the bit line BL are set at Vdd
to forcibly turn on the transistor M4 to cause a write current to
flow between the bit line /BL and the source line /SL, thereby
writing the data to the M1 element 20. When a voltage 1s
applied to the word line WL to select a memory cell, to which
data 17" 1s to be written, the voltage applied to the bit line BL
1s set at Vml, the voltage applied to the source line SL 1s set at
Vm, and the voltages applied to the source line /SL and the b1t
line /BL are set at Vdd to forcibly turn on the transistor M2 to
cause a write current to flow between the bit line BL and the
source line SL, thereby writing the data to the MTJ element
10. Thereaftter, the voltage applied to the source line /SL 1s set
at Vm, the voltage applied to the bitline/BL 1s set at Vmh, and
the voltages applied to the bit line BL and the source line SL
are 1ncreased to Vdd to forcibly turn on the transistor M4 to
cause a write current to flow between the bit line /BL and the
source line /SL, thereby writing the data to the MTJ element
20.

Thus, the writing of non-volatile data can be performed
casily by providing a pair of source lines SL, /SL to each row
as 1n the sixth embodiment. In the sixth embodiment, differ-
ent voltages may be applied to the source lines SL, /SL
depending on operations. Thus, the source lines SL, /SL may
be connected to different power supplies depending on opera-
tions.

FIG. 15 shows the case where the memory cell 1, 1s
selected, to which non-volatile data 1s to be written. In this
case, the memory cells other than the memory cell 1,,, the
memory cells 1,,-1, | are in a halt-selected state.

According to the sixth embodiment, the standby and oper-
ating power consumption can be reduced, and the loss of
SRAM data can be prevented as in the case of the first
embodiment.
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(Seventh Embodiment)

A non-volatile memory according to the seventh embodi-
ment will be described with reference to FIGS. 17 and 18. In
cach of the non-volatile memories according to the first to the
fifth embodiments, a source line, which 1s parallel to a word
line WL, 1s provided to each row of memory cells. The non-
volatile memory according to the seventh embodiment has
the same configuration as the first to the fifth embodiments
except for the source line. In the seventh embodiment, a pair
of source lines SL, /SL that 1s parallel to a pair of bit lines B,
/BL 1s provided to each row of memory cells. For simplifica-
tion of explanation, each memory cell of the seventh embodi-
ment 1s assumed to have the same configuration as the
memory cell of the first embodiment shown in FIG. 1. The
memory cell may be the memory cell 1A of the second
embodiment shown 1n FIG. 6, the memory cell 18 of the third
embodiment shown in FIG. 8, the memory cell 1C of the
fourth embodiment shown 1n FIG. 13, or the memory cell 1D
of the fifth embodiment shown 1n FIG. 14.

FIG. 17 shows m memory cells 1,,-1,, In a row, for
example the first row, of the seventh embodiment. In each
memory cell 1., (1=1, . . . m), the other terminal of the MTJ
element 10 1s connected to the bit line BL,, and the other
terminal of the MTJ element 20 1s connected to the bit line
/BL.. Furthermore, the other of the source and the drain of the
transistor M2 in each memory cell 1s connected to the source
line SL., and the other of the source and the drain of the
transistor M4 1s connected to the source line /SL.

FIGS. 18(a) and 18(b) shows voltages applied to the bit
lines BL, /BL and the source lines SL, /SL relating to a
selected memory cell of the non-volatile memory according
to the seventh embodiment, in an SR AM operation mode and
a non-volatile operation mode (MRAM operation mode).
FIG. 18(a) shows a case where the source lines SL, /SL are
commonly controlled, and FIG. 18(5) shows a case where the
source lines SL, /SL are independently controlled. Each of the
SRAM operation mode and the MRAM operation mode
includes read operations for data “0” and data *“1,” and the
write operations for data “0” and data “1.” The indication
“Keep” In the SRAM operation of FIGS. 18(a) and 18(H)
means that the pre-charge voltage 1s maintained. The read
operation in the MRAM mode 1n both the cases shown 1n
FIGS. 18(a) and 18(b), and the operations in the MRAM
mode 1n which the source lines SL, /SL are commonly con-
trolled are performed 1n the same manner as the operations in
first embodiment (see FIG. 18(a)).

Since the seventh embodiment includes two source lines,
SL and /SL, independent write operations can be performed
onthe MT1J element 10 and the MTJ element 20 in the MRAM
operation mode (see FIG. 18(b)). Specifically, when a voltage
1s applied to the word line WL to select a memory cell, to
which data “0” 1s to be written, the voltage applied to the
source line SL 1s set at 0V, and the voltages applied to the bit
lines BL, /BL and the source line /SL are increased to V ,, , to
forcibly turn on the transistor M2 to cause a write current to
flow between the bit line BL and the source line SL, thereby
writing the data to the MTJ element 10. Thereafter, the volt-
age applied to the bit line /BL 1s changed to 0 V, and the
voltages applied to the source lines SL, /SL and the bit line BL
are set at V 5, to forcibly turn on the transistor M4 to cause a
write current to flow between the bit line /BL and the source
line /SL, thereby writing the data to the MTJ element 20.
When a voltage 1s applied to the word line WL to select a
memory cell, to which data “1” 1s to be written, the voltage
applied to the bit line BL 1s set at 0V, the voltages applied to
the source lines SL, /SL and the bit line BL are increased to
V 5 to forcibly turn on the transistor M2 to cause a write
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current to flow between the bit line BL. and the source line SL,
thereby writing the data to the MTJ element 10. Thereatter,
the voltage applied to the source line /SL 1s changed to 0V,
and the voltages applied to the bit lines BL, /BL and the
source line SL are increased to V., to forcibly turn on the
transistor M4 to cause a write current to flow between the bit
line /BL and the source line /SL, thereby writing the data to
the MTJ element 20. The voltage V ,,, 1s higher than the
voltages Vmh and Vml. If data are independently written to
the MTJ element 10 and the MTJ element 20, such voltages as
Vm, Vmh, Vml may be applied mstead of 0V, as shown in
FIG. 29. Specifically, when a voltage 1s applied to the word
line WL to select a memory cell, to which data “0 1s to be
written, the voltage applied to the source line SL 1s set at Vim,
the voltage applied to the bit line BL 1s set at Vmh, and the
voltages applied to the bit lines /BL and the source line/SL are
set at Vdd to forcibly turn on the transistor M2 to cause a write
current to flow between the bit line BL and the source line SL,
thereby writing the data to the MTJ element 10. Thereafter,
the voltage applied to the bit line /BL 1s set at Vml, and the
voltage applied to the source line /SL 1s set at Vm, and the
voltages applied to the source line SL and the bit line BL are
set at Vdd to forcibly turn on the transistor M4 to cause a write
current between the bit line /BL. and the source line /SL,
thereby writing the data to the MTJ element 20. When a
voltage 1s applied to the word line WL to select amemory cell,
to which data ““1” 1s to be written, the voltage applied to the bit
line BL 1s set at Vml, the voltage applied to the source line SL
1s set at Vm, and the voltages applied to the source line /SL
and the bit line/BL are increased to Vdd to forcibly turn on the
transistor M2 to cause a write current to flow between the bit
line BL and the source line SL, thereby writing the data to the
MTJ element 10. Thereafter, the voltage applied to the source
line /SL 1s set at Vm, the voltage applied to the bit line /BL 1s
set at Vmh, and the voltages applied to the bit line BL and the
source line SL are set at Vdd to forcibly turn on the transistor
M4 to cause a write current to flow between the bit line /BLL
and the source line /SL, thereby writing the data to the MTJ
clement 20.

Thus, the writing of non-volatile data can be performed
casily by providing a pair of source lines SL, /SL to each row
as 1n the seventh embodiment. In the seventh embodiment,
different voltages may be applied to the source lines SL, /SL
depending on operations. Thus, the source lines SL, /SL. may
be connected to different power supplies depending on opera-
tions.

FIG. 17 shows the case where amemory cell 1, 1s selected,
to which non-volatile data 1s written. In this case, the memory
cells other than the memory cell 1,,, the memory cells 1,,-
1,,, are 1n a hali-selected state.

According to the seventh embodiment, the standby and
operating power consumption can be reduced, and the loss of
SRAM data can be prevented as in the case of the first
embodiment.

In the first to the seventh embodiments, the non-volatile
clements are the MTJ elements. However, other types of
non-volatile elements, such as variable-resistance nonvolatile
clements (storage elements of ReRAMs) that do not use mag-
netic materials, and phase-change non-volatile elements
(storage elements of PRAMSs) may also be used.

I1 all the memory cells connected to one word line WL are
accessed, 1.e., read or written, simultaneously 1n the first to the
seventh embodiments, no half-selected memory cell 1s
present.
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(Eighth Embodiment)

A case where the number of memory cells to be connected
to a word line does not match the number of memory cells to
be accessed simultaneously will be described as the eighth
embodiment.

(Principle of Half-Selection)

First, the principle of half-selection will be described,

The area of a memory cell including non-volatile elements
as 1n the first to the seventh embodiments can be reduced as
compared to the area of a memory cell of a conventional
SRAM including six transistors. As a result, the number of the
memory cells connected to a word line often exceeds 1024
(1024 bits), which differs from the I/O bit width of a memory
module determined by the corresponding computer system.
The bit width for which a write request or read request 1s
1ssued from a CPU bus or memory controller 1s determined 1n
cach system, which 1s generally 32 to 512 bits. Therefore, 1f a
write access or read access 1s 1ssued for 32 bits of memory
cells 1n a memory circuit, in which the number of bits of
memory cells connected to one word line 1s 1024, the selec-
tion of the word line means that the memory cells other than
those of 32 bits to be accessed are also selected. The term
“half-selection” means that memory cells that are not to be
accessed are unintentionally selected by the selection of a
word line. The selection of the word line may affect the data
stored 1n the half-selected memory cells, for which write
access or read access 1s not intended to be performed. The
data affected may be rewritten and cause malfunctions. In
order to prevent this, the access request from a CPU bus or
external I/O may be controlled by a memory controller so that
the memory cells to be accessed by the request may be
expanded to be 1024 bits, and an access 1s always made in the
unit of 1024 bits. In the cases of the first to the seventh
embodiments, 11 the number of memory cells connected to a
CPU bus or I/O differs from the number of memory cells
connected to one word line, hali-selected memory cells may
be generated, which may cause damage to the stored data.

In particular, 1n the non-volatile memories 1n the first to the
seventh embodiments, a current that 1s higher than the current
in a read operation tlows through memory cells 1n a write
operation, which may cause a new kind of half-selection that
does not occur 1n a conventional SRAM including six tran-
sistors. This new kind of half selection may also cause dam-
age to the stored data. Such a case will be described for the
non-volatile memories according to the sixth and the seventh
embodiments.

(Halt-Selection 1n Sixth Embodiment)

FI1G. 19 shows an example of a case where the stored data
may be broken by half-selection in the non-volatile memory
according to the sixth embodiment. In FIG. 19, the source
lines SL, /SL are disposed in parallel with the word line WL.
FI1G. 19 shows the state where the word line WL 1s selected,
and a non-volatile writing 1n the MRAM mode 1s performed
on a part of the memory cells connected to the word line WL,
the memory cell 1,,. In order to write data to the non-volatile
clements 10, 20, a potential difference should be generated by
a driver circuit between the source lines SL, /SL, and the bit
lines BL, /BL to cause a write current to flow for switching the
resistance state ol the non-volatile elements 10, 20. At this
time, the potential of the source lines SL, /SL 1s charged from
the GND level to a write potential V, .. The source lines SL,
/SL are also connected to the hali-selected memory cells.
Theretore, regardless of whether the potential of the bit lines
BL, /BL 1s 1n a pre-charged state or floating state, a potential
difference 1s caused between the source lines SL., /SL and the
bit lines BL, /BL after the source lines SL, /SL are charged to
have the write potential V,,. As a result, a current flows
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through the non-volatile elements 10, 20. In this case, the
transistor M2 or M4 1n the memory cell functions as a pass
gate as shown 1n FIG. 19. Accordingly, a more current flows
through the non-volatile element storing the data “0.” There 1s
a possibility that the direction in which the current flows may
be determined by the relationship between the potential of the
b1t lines BL, /BL and the potential V, . of the source lines SL,
/SL, and a current that can switch the resistance state of the
non-volatile elements 10, 20 may flow.

(Half-Selection 1n Seventh Embodiment)

FIG. 20 shows an example of half-selection state 1n the
seventh embodiment. Like the case shown in FI1G. 19, FI1G. 20
shows a case where the word line 1s selected, and a non-
volatile writing 1n the MRAM mode 1s performed on a part of
the memory cells connected to the word line, for example the
memory cell 1,,. InFIG. 20, the source lines SL, /SL intersect
the word lines WL ,-WL _ at a right angle, for example, and
extend 1n parallel to the bit lines BL, /BL. In this case,
memory cells 1,,-1,_ ,, which are connected to the word line
WL,-WL _that are not selected, may be brought into a hali-
selected state where the source lines SL, /SL may be charged
from the GND level to the write potential V, . Since the
source lines SL, /SL 1ntersect the word lines WL,-WL _ata
right angle, for example, as shown in FIG. 20, when the word
lines WL,-WL _ are not selected, the transistors M1 and M3
of the half-selected memory cells 1,,-1,_ are cut ofl. There-
fore, no current flows between the bit lines BL., /BL and the
source lines SL, /SL 1n each memory cell. However, volatile
SRAM data may be connected to the source lines SL, /SL via
the transistors M2, M4. Therefore, the charges at the nodes
N1, N2 corresponding to the SRAM data may be lost. The
transistors M2 and M4 1n each memory cell function as pass
gates, and the node storing the SRAM data “0” 1s connected

to the source line. As a result, the potential of the node storing
the SRAM data “0” Increases, and in the worst case, the
transistor on the side of the node storing the SRAM data “1”
gradually causes a current to flow. If the time during which a
potential 1s applied to the source lines SL, /SL 1s sufficiently
long, both the transistors M2 and M4 are turned ON, and both
the nodes N1, N2 become to have the potential V,,. As a
result, even 1f the word lines WL,-WL are not selected, the
SRAM data may be lost when the source lines SL, /SL are
selected.

Thus, since the source lines SL, /SL, 1n addition to the word
line WL and the bit lines BL, /BL, are connected to the
memory cells of the first to the seventh embodiments, the
internal data corrupting mechanism, which 1s caused by the
half-selected state as described above, may be present.

FIG. 21 shows the entire configuration of the non-volatile
memory according to the sixth embodiment. The non-volatile
memory includes a memory cell array 30 1n which a plurality
of memory cell rows shown 1n FIG. 15 are arranged 1n a
column direction, an X decoder 40 for selecting a word line
WL and source lines SL, /SL, to apply a voltage thereto, aY
decoder 50 for selecting all the bit line pairs BL, /BL, a
read/write circuit 60 for reading data from the memory cell
array 30 via the Y decoder 50, and writing input data to the
memory cell array 30 via the Y decoder, and an address butier
70 for recerving a write signal WE and an address signal and
sending them to the X decoder 40, the Y decoder 50, and
read/write circuit 60. The read/write circuit 60 receives and
transmits data corresponding to the number of 1/0s.

In FIG. 21, the word line WL and the source lines SL., /SL
are arranged to be parallel to each other. If non-volatile writ-
ing 1s performed on a memory cell to be accessed 1n such a
case, erroneous writing may be performed on the non-volatile
clements of the memory cells that are not accessed but 1n a
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half-selected state since the word line WL and the source lines
SL., /SL connected thereto are selected, or the SRAM data of
such non-volatile elements may be lost.

FIG. 22 shows the entire configuration of the non-volatile
memory according to the seventh embodiment. The non-
volatile memory includes a memory cell array 30A 1n which
a plurality of memory cell columns shown 1 FIG. 17 1s
arranged 1n a row direction, an X decoder 40A for selecting a
word line WL and applying a voltage thereto, a'’Y decoder
50A for selecting all the bit line pairs BL, /BL and source lines
SL, /SL, a read/write circuit 60A for reading data from the
memory cell array 30A via the Y decoder 50A, and writing,
data to the memory cell array 30A via the Y decoder, and an
address bufier 70A for recetving a write signal WE and an
address signal, and sending them to the X decoder 40A, theY
decoder S0A, and the read/write circuit 60A. The read/write
circuit 60A recerves and transmits data corresponding to the
number of 1/Os.

In FIG. 22, the word line WL and the source lines SL., /SL
are arranged to intersect each other at a right angle, for
example, and the potential of the source lines SL, /SL. may be
charged to the memory cells for which the word lines WL are
not selected. This may cause the loss of SRAM data from
non-selected memory cells.

A non-volatile memory capable of preventing data stored
in non-selected memory cells from being corrupted 1n such
cases where the number of memory cells connected to a word
line does not match the number of memory cells to be
accessed simultaneously will be described as the eighth
embodiment.

The non-volatile memory according to the eighth embodi-
ment will be described with reference to FIGS. 23 and 24. The
non-volatile memory according to the eighth embodiment has
a configuration 1n which the word line and the source line
have two levels, global and local, and a column line CL for
selecting a column 1s newly provided.

FIG. 23 1s a block diagram showing the non-volatile
memory according to the eighth embodiment. The non-vola-
tile memory according to the eighth embodiment includes a
memory cell array 35 1n which a plurality of memory cells 1s
arranged 1n a matrix form, an X decoder 45 for selecting a
global word line GWL and global source lines GSL, /GSL to
apply a voltage thereto, aY decoder 55 for selecting all the bat
line pairs BL, /BL and column lines CL, a read/write circuit
65 for reading data from the memory cell array 35 viathe 'Y
decoder 55, and writing data to the memory cell array 35 via
the Y decoder 55, and an address butler 75 for receiving a

write signal WE and an address signal, and transmitting them
to the X decoder 45, the Y decoder 55, and the read/write

circuit 65. The read/write circuit 635 receives and transmits
data corresponding to the number of 1/Os. In FIG. 23, the
global word lines GWL and the global source lines GSL,
/GSL are arranged 1n parallel.

FIG. 24 shows the memory cell array 35 of the eighth
embodiment. The memory cell array 35 includes a plurality of
global memory cells 100E (1=1, ...,m,1=1, ..., n)arranged
in a matrix form, where m and n each denote an integer equal
to or more than 1. Thus, the number of glebal memory cells 1s
mxn. Each global memory cell 100, (1=1 ,m,1=1,...,n)
includes three AND gates 1104, 110b ll(lc and 32 memery
units MC. Each memory unit MC has the same configuration
as each memory cell of the sixth embodiment shown 1n FIG.
15. Thus, each memory unit MC includes two transistors M1,
M2 that are connected 1n series to form a first series circuit,
two transistors M3, M4 that are connected 1n series to form a
second series circuit, a non-volatile element 10 connected to
the first series circuit, and a non-volatile element 20 that 1s
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connected to the second series circuit at a location corre-
sponding to the location at which the non-volatile element 10
1s connected to the first series circuit, as shown in FIG. 15. The
locations of the non-volatile elements 10, 20 1n FIG. 15 are
the same as those of the memory cells 1n the first embodiment
shown 1n FIG. 1. However, the locations may be the same as
those of the memory cells of the second embodiment shown
in FIG. 6, those of the memory cells of the third embodiment
shown 1n FIG. 8, those of the memory cells of the fourth
embodiment shown in FIG. 13, and those of the memory cells
of the fifth embodiment shown 1n FI1G. 14.

In the eighth embodiment, each global memory cell stores
data of 32 bits. Thus, 1n total, the non-volatile memory stores
data of mx32n bits.

In each global memory cell100,,(1=1,...,m,j=1,...,n),
the AND gate 110a 15 a selection unlt that performs a legleal
operation based on a signal from the global word line GWL,
and a signal from the column line CL,, and selects a local
word line LWL based on the operation result The AND gate
11056 1s a selection unit that performs a logical operation
based on a signal from the global source line GSL, and a
signal from the column line CL,, and selects a local source
line LSL based on the operation result. The AND gate 110c¢ 1s
a selection unit that performs a logical operation based on a
signal from the global source line /GSL, and a signal from the
column line CL,, and selects a local source line /LSL based on
the operation result. In each memory unit MC of each global
memory cell 100, (1=1 , m, =1, , n), the gates of the
transistors M1, M2 are connected to the leeal word line LWL,
and the other ef the source and the drain of the transistor M2
1s connected to the local source line LLSL., and the other of the
source and the drain of the transistor M4 1s connected to the
local source line /LSL. Thus, in each global memory cell 100,
(I=1, ..., m, =1, ..., n), the 32 memory units MC are
simultaneously accessed. Although a pair of bit lines BL, /BL
1s provided to each memory unit MC 1n the eighth embodi-
ment, the pair 1s omitted in FIG. 24 to simplily the diagram.

In the e1ighth embodiment having such a configuration, first
a global word line and global source lines are selected, and
then a memory cell 1n a column selected by a column line CL
1s selected. Thus, the local word line LWL and the local
source lines LSL, /LSL are not selected for the memory cells
that are not accessed. Therefore, no corruption of stored data
1s caused by hali-selection.

In each global memory cell 100, 1=1, ..., m,j=1, ..., n),
the AND gate 110q serving as a selection unit may be a
transier gate for connecting the global word line GWL and the
local word line LWL based on a signal from the column line
CL,. The AND gate 1105 serving as a selection unit may be a
transier gate for connecting the global source line GSL and
the local source line LSL based on a signal from the column
line CL,. The AND gate 110c serving as a selection unit may
be a transier gate for connecting the global source line /GSL
and the local source line /LSL based on a signal from the
column line CL,.

Depending on operations, different voltages are applied to
the global source lines GSL, /GSL 1n the eighth embodiment.
Thus, the global source lines GSL, /GSL are connected to
different power supplies depending on operations.
(Modification)

A non-volatile memory according to a modification of the
cighth embodiment will be described with reference to FIG.
25. The non-volatile memory according to the modification 1s
obtained by replacing the memory cell array 35 of the non-
volatile memory according to the eighth embodiment with a
memory cell array 35a shown 1n FIG. 25. The memory cell
array 33a 1s obtained by eliminating the global source lines
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/GSL and the AND gates 110¢ from the memory cell array 35
shown 1n FIG. 24. Each memory unit MC of the memory cell
array 35a may be the memory cell of the first embodiment
shown 1n FIG. 1, the memory cell of the second embodiment
shown 1 FIG. 6, the memory cell of the third embodiment
shown 1n FIG. 8, the memory cell of the fourth embodiment
shown 1n FIG. 13, and the memory cell of the fifth embodi-
ment shown in FIG. 14. Thus, each row 1s connected to one
global source line GSL, and each global memory cell 1s
connected to one local source line LSL. In each global
memory cell, the other of the source and the drain of each of
the transistors M2, M4 of each memory umit MC 1s connected
to the local source line LSL.

As 1n the eighth embodiment, 1n the non-volatile memory
of the modification, a global word line and a global source line
are first selected, and then a memory cell 1n a column selected
by a column line CL 1s selected. Thus, the local word line
LWL and the local source line LSL are not selected for the
memory cells that are not to be accessed. Therefore, no cor-
ruption of stored data 1s caused by hali-selection.

Also 1n the modification of the eighth embodiment, differ-
ent voltages are applied to the global source lines GSL
depending on operations. Thus, the global source lines GSL
are connected to different power supplies depending on
operations.

(Ninth Embodiment)

A non-volatile memory according to the ninth embodiment
will be described with reference to FIGS. 26 and 27. As 1n the
case of the eighth embodiment, the non-volatile memory of
the minth embodiment has a configuration in which the word
line and the source line have two levels, global and local, and
a column line CL for selecting a column 1s newly provided.

FI1G. 26 1s a block diagram showing a non-volatile memory
according to the ninth embodiment. The non-volatile memory
according to the ninth embodiment includes a memory cell
array 35A 1 which a plurality of memory cells 1s arranged 1n
a matrix form, an X decoder 45A for selecting a global word
line GWL and applying a voltage thereto, aY decoder 35A for
selecting all the bit line pairs BL, /BL, global source lines
GSL,/GSL, and column lines CL, aread/write circuit 65A for
reading data from the memory cell array 35A via the Y
decoder 55A, and writing data to the memory cell array 35A
via the Y decoder 55A, and an address bulfer 75A {or rece1v-
ing a write signal WE and an address signal, and sending them
to the X decoder 45A, theY decoder 55A, and the read/write
circuit 65A. The read/write circuit 65A receives data corre-
sponding to the number of I/Os. The read/write circuit 65A
also transmits data corresponding to the number of 1/Os. In
FIG. 26, the global word lines GWL and the global source
lines GSL, /GSL intersect each other at a right angle, for
example.

FIG. 27 shows the memory cell array 35A of the ninth
embodiment. The memory cell array 35A includes a plurality
of global memory cells 100A,, =1, . . ., m, }=1, ..., n)
arranged 1n a matrix form, where m and n each denote an
integer equal to or more than 1. Thus, the number of global
memory cells 1s mxn. Hach global memory cell 100A
(I=1,...,m,1=1,...,n)includes three AND gates 115a, 1155,
115¢ and 32 memory units MC. Each memory unit MC has
the same configuration as the memory cell according to the
seventh embodiment shown 1n FIG. 17. Thus, each memory
unit MC includes two transistors M1, M2 connected 1n series
to form a first series circuit, two transistors M3, M4 connected
in series to form a second series circuit, a non-volatile element
10 connected to the first series circuit, and a non-volatile
clement 20 connected to the second series circuit at a location
corresponding to the location at which the non-volatile ele-
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ment 10 1s connected to the first series circuit, as shown 1n
FI1G. 17. The locations of the non-volatile elements 10, 20 1n
FIG. 17 are the same as those of the memory cells 1n the first
embodiment shown in FIG. 1. The locations may be the same
as those of the memory cells of the second embodiment
shown 1 FIG. 6, those of the memory cells of the third
embodiment shown 1n FIG. 8, those of the memory cells of
the fourth embodiment shown 1n FIG. 13, and those of the
memory cells of the fifth embodiment shown 1n FIG. 14.

In the ninth embodiment, each global memory cell stores
data o1 32 bits. Thus, 1n total, the non-volatile memory stores
data of mx32n bits.

In each global memory cell 100A, (=1, . . . , m,
1=1, . . ., n), the AND gate 115a 1s a selection unit that
performs a logical operation based on a signal from the global
word line GWL,; and a signal from the column line CL, and
selects a local word line LWL based on the operation result.
The AND gate 1155 15 a selection unit that performs a logical
operation based on a signal from the local word line LWL and
a signal from the global source line GSL ,, and selects a local
source line LSL based on the operation result. The AND gate
115c¢1s a selection unit that performs a logical operation based
on a signal from the local word line LWL and a signal from the
global source line /GSL,, and selects a local source line /LSL
based on the operation result. In each memory unit MC of
each global memory cell 100A,,(1=1, ..., m, =1, ..., n), the
gates of the transistors M1, M2 are connected to the local
word line LWL, and the other of the source and the drain of the
transistor M2 1s connected to the local source line LLSL., and
the other of the source and the drain of the transistor M4 1s
connected to the local source line /LSL. Thus, in each global
memory cell 100A,, (=1, ..., m,j=1, ..., n), the 32 memory
units MC are simultaneously accessed. Although a pair of bit
lines BL, /BL 1s provided to each memory unit MC in the
ninth embodiment, the pair 1s omitted i FIG. 27 to simplify
the diagram.

In the ninth embodiment having such a configuration, first
the global word line and the global source line are selected,
and then a column 1s selected by the column line CL. Thus, the
local word line LWL and the local source lines LSL, /LLSL are
not selected for the memory cells that are not accessed. There-
fore, no corruption of stored data 1s caused by half-selection.

In each global memory cell 100A,, =1, ..., m, =1, ...,
n), the AND gate 110q serving as a selection umit may be a
transier gate for connecting the global word line GWL and the
local word line LWL based on a signal from the column line
CL,. The AND gate 1105 serving as a selection unit may be a
transier gate for connecting the global source line GSL and
the local source line LSL based on a signal from the local
word line LWL. The AND gate 110¢ serving as a selection
unit may be a transfer gate for connecting the global source
line /GSL and the local source line /LSL based on a signal
from the local word line LWL.

Also 1 the ninth embodiment, different voltages are
applied to the global source lines GSL, /GSL depending on
operations. Thus, the global source lines GSL, /GSL are con-
nected to different power supplies depending on operations.
(Modification)

A non-volatile memory according to a modification of the
ninth embodiment will be described with reference to FIG.
28. The non-volatile memory according to the modification 1s
obtained by replacing the memory cell array 35A of the
non-volatile memory according to the ninth embodiment with
a memory cell array 35Aa shown in FI1G. 28. The memory cell
array 35Aa has a configuration obtained by eliminating the
global source line /GSL and the AND gates 110¢ from the
memory cell array 35A shown 1n FIG. 24. Each memory unit
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MC has the same configuration as the memory cell of the first
embodiment shown 1n FIG. 1, the memory cell of the second
embodiment shown in FIG. 6, the memory cell of the third
embodiment shown 1n FIG. 8, the memory cell of the fourth
embodiment shown in FIG. 13, or the memory cell of the fifth
embodiment shown 1n FIG. 14. Thus, each row 1s connected
to one global source line GSL, and each global memory cell
1s connected to one local source line LSL.

As 1n the ninth embodiment, 1n the non-volatile memory of
the modification, a global word line and a global source line
are first selected, and then a memory cell in a column selected
by a column line CL 1s selected. Thus, the local word line
LWL and the local source line LSL are not selected for the
memory cells that are not to be accessed. Therefore, no cor-
ruption of stored data 1s caused by half-selection.

Also 1in the modification of the ninth embodiment, different
voltages are applied to the global source lines GSL depending
on operations. Thus, the global source lines GSL are con-
nected to different power supplies depending on operations.

A writing method for the memory according to an embodi-
ment, may include: applying a first voltage to the second
wiring line corresponding to a memory cell to be selected, a
second voltage that 1s different from the first voltage to the
third wiring corresponding to the memory cell to be selected,
and a third voltage between the first voltage and the second
voltage to the fourth wiring corresponding to the memory cell
to be selected; and applying a fourth voltage to the first wiring,
line corresponding to the memory cell to be selected.

A reading method for the memory according to an embodi-
ment, may include: applying a first voltage to the first wiring
line corresponding to a memory cell to be selected, a second
voltage to the second wiring line and the third wiring line
corresponding to the memory cell to be selected, and a third
voltage that 1s different from the second voltage to the fourth
wiring line corresponding to the memory cell to be selected.

A writing method for the memory according to an embodi-
ment, may include: applying a voltage to the first wiring line
corresponding to amemory cell to be selected, thereby select-
ing the memory cell to be selected; applying a voltage to each
ol the second wiring line, the third wiring line, the fifth wiring
line, and the sixth wiring line corresponding to the memory
cell to be selected so that the second transistor 1s turned on to
write data to the first non-volatile element; and applying a
voltage to each of the second wiring line, the third wiring line,
the fifth wiring line, and the sixth wiring line corresponding to
the memory cell to be selected so that the fourth transistor 1s
turned on to write data to the second non-volatile element,
which data 1s different from the data written to the first non-
volatile element.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fail within the scope and spirit of
the 1nventions.

The mvention claimed 1s:

1. A non-volatile memory comprising;:

a plurality of memory cells arranged 1n a matrix form;

a plurality of first wiring lines each corresponding to

memory cells of a common row;

a plurality of second wiring lines and a plurality of third

wiring lines, each of the plurality of second wiring lines
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corresponding to memory cells of a common column,
cach of the plurality of third wiring lines corresponding
to memory cells of the common column; and

a plurality of fourth wiring lines and fifth wiring lines, each
of the plurality of fourth wiring lines and fifth wiring,
lines corresponding to the memory cells of one of the
common row and the common column; each of the
memory cells including a plurality of transistors, a first
non-volatile element, a second non-volatile element, a
first node, and a second node,

the transistors including a first transistor, a second transis-
tor, a third transistor, and a fourth transistor,

the first transistor and the second transistor being con-
nected 1n series with the first non-volatile element,

the third transistor and the fourth transistor being con-
nected 1n series with the second non-volatile element,

the first node being disposed between the first transistor
and the second transistor,

the second node being disposed between the third transis-
tor and the fourth transistor,

gates of the first transistor and the third transistor being
connected to one of the first wiring lines,

a gate of the second transistor being connected to the sec-
ond node,

a gate of the fourth transistor being connected to the first
node,

the first transistor being connected between one of the
second wiring lines and the first node,

the second transistor being connected between the first
node and one of the fourth wiring lines,

the third transistor being connected between one of the
third wiring lines and the second node,

the fourth transistor being connected between the second
node and the one of the fifth wiring lines, the first non-
volatile element being disposed between the one of the
second wiring lines and the first transistor, between the
first transistor and the {irst node, between the first node
and the second transistor, or between the second transis-
tor and the one of the fourth wiring lines, and the second
non-volatile element being disposed at a location corre-
sponding to a location of the first non-volatile element,

between the one of the third wiring lines and the third
transistor, between the third transistor and the second
node, between the second node and the fourth transistor,
or between the fourth transistor and the one of the fifth
wiring lines.

2. The memory according to claim 1, wherein in each of the
memory cells, the first non-volatile element 1s disposed
between the one of the second wiring lines and the first
transistor, and the second non-volatile element 1s disposed
between the one of the third wiring lines and the third tran-
s1stor.

3. The memory according to claim 1, wherein in each of the
memory cells, the first non-volatile element 1s disposed
between the first transistor and the first node, and the second
non-volatile element 1s disposed between the third transistor
and the second node.

4. The memory according to claim 1, wherein in each of the
memory cells, the first non-volatile element 1s disposed
between the first node and the second transistor, and the
second non-volatile element 1s disposed between the second
node and the fourth transistor.

5. The memory according to claim 1, wherein in each of the
memory cells, the first non-volatile element 1s disposed
between the second transistor and the one of the fourth wiring
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lines, and the second non-volatile element 1s disposed
between the fourth transistor and the one of the fifth wiring
lines.

6. The memory according to claim 1, wherein the fourth
wiring lines and the fifth wiring lines being disposed along the
first wiring lines.

7. The memory according to claim 1, wherein the fourth
wiring lines being disposed along the second wiring lines, and
the fifth wiring lines being disposed along the third wiring,
lines.

8. A non-volatile memory comprising:

a plurality of memory cells arranged 1n a matrix form;

a plurality of first wiring lines each corresponding to

memory cells of a common row;

a plurality of second wiring lines and a plurality of third
wiring lines, each of the plurality of second wiring lines
corresponding to memory cells of a common column,
cach of the plurality of third wiring lines corresponding
to memory cells of the common column; and

a plurality of fourth wiring lines and fifth wiring lines, each
of the plurality of fourth wiring lines and fifth wiring
lines corresponding to the memory cells of one of the
common row and the common column;

cach of the memory cells including a plurality of transis-
tors, a first non-volatile element, a second non-volatile
element, a first node, and a second node,

the transistors including a first transistor, a second transis-
tor, a third transistor, and a fourth transistor,

the first transistor and the second transistor being con-
nected 1n series,

the third transistor and the fourth transistor being con-
nected 1n series,

the first node being disposed between the first transistor
and the second transistor,

the second node being disposed between the third transis-
tor and the fourth transistor,

gates of the first transistor and the third transistor being
connected to one of the first wiring lines,

a gate of the second transistor being connected to the sec-
ond node,

a gate of the fourth transistor being connected to the first
node,

the first transistor being connected between one of the
second wiring lines and the first node,

the second transistor being connected between the first
node and one of the fourth wiring lines,

the third transistor being connected between one of the
third wiring lines and the second node,

the fourth transistor being connected between the second
node and the one of the fifth wiring lines,

the first non-volatile element being connected between the
first node and the gate of the fourth transistor, and

the second non-volatile element being disposed between
the second node and the gate of the second transistor.

9. The memory according to claim 8, wherein the fourth
wiring lines and the fifth wiring lines being disposed along the
first wiring lines.

10. The memory according to claim 8, wherein the fourth
wiring lines being disposed along the second wiring lines, and
the fifth wiring lines being disposed along the third wiring
lines.

11. A non-volatile memory comprising:

a plurality of memory cells arranged 1n a matrix form;

a plurality of first global wiring lines each corresponding to

memory cells of a common row;

a plurality of second global wiring lines and a plurality of

third global wiring lines;
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a plurality of fourth global wiring lines each corresponding,
to the memory cells of a common column; and

a plurality of fifth global wiring lines and a plurality of
sixth global wiring lines,

cach of the memory cells including a plurality of memory
units, a selection circuit, a first local wiring line, a sec-
ond local wiring line, and a third local wiring line,

the second global wiring lines and the third global wiring
lines corresponding to the memory units of the memory
cells of the common column,

in each of the memory cells,

cach of the memory units including a plurality of transis-
tors, a first non-volatile element, a second non-volatile
element, a first node, and a second node,

the transistors including a first transistor, a second transis-
tor, a third transistor, and a fourth transistor,

the first transistor and the second transistor being con-
nected in series with the first non-volatile element,

the third transistor and the fourth transistor being con-
nected 1n series with the second non-volatile element,

the first node being disposed between the first transistor
and the second transistor,

the second node being disposed between the third transis-
tor and the fourth transistor,

gates of the first transistor and the third transistor being
connected to the first local wiring line,

a gate of the second transistor being connected to the sec-
ond node,

a gate of the fourth transistor being connected to the first
node,

the first transistor being connected between a correspond-
ing second global wiring line and the first node,

the second transistor being connected between the first
node and the second local wiring line,

the third transistor being connected between a correspond-
ing third global wiring line and the second node,

the fourth transistor being connected between the second
node and the third local wiring line,

the first non-volatile element being disposed between the
corresponding second global wiring line and the first
transistor, between the first transistor and the first node,

between the first node and the second transistor, or
between the second transistor and the second local wir-
ing line,

the second non-volatile element being disposed between

the corresponding third global wiring line and the third
transistor, between the third transistor and the second
node, between the second node and the fourth transistor,
or between the fourth transistor and the third local wir-
ing line, at a location corresponding to a location of the
first non-volatile element, and

the selection circuit selecting the first local wiring line, the

second local wiring line, the third local wiring line based
on a signal from a corresponding first global wiring line,
a signal from a corresponding fourth global wiring line,
a signal from a corresponding fifth global wiring line,
and a signal from a corresponding sixth global wiring
line.

12. The non-volatile memory according to claim 11,
wherein the selection circuit includes a first selection unait, a
second selection unit, and a third selection unit,

the first selection unit selects the first local wiring line

based on the signal from the corresponding first global
wiring line and the signal from the corresponding fourth
global wiring line,
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the second selection unit selects the second local wiring
line based on the signal from the corresponding fourth
global wiring line and the signal from the corresponding
fifth global wiring line,

the third selection unit selects the third local wiring line
based on the signal from the corresponding fourth global
wiring line and the signal from the corresponding sixth
global wiring line,

cach of the fifth global wiring lines corresponds to the
memory cells of the common row, and

cach of the sixth global wiring lines corresponds to the
memory cells of the common row.

13. The non-volatile memory according to claim 11,

wherein the selection circuit includes a first selection unit, a
second selection unit, and a third selection unit,

the first selection unit selects the first local wiring line
based on the signal from the corresponding first global
wiring line and the signal from the corresponding fourth
global wiring line,

the second selection unit selects the second local wiring
line based on a signal from a first selection unit and the
signal from the corresponding fifth global wiring line,
and

the third selection unit selects the third local wiring line
based on the signal from the first selection unit and the
signal from the corresponding sixth global wiring line,

cach of the fifth global wiring lines corresponds to the
memory cells of the common column, and

cach of the sixth global wiring lines corresponds to the
memory cells of the common column.

14. A non-volatile memory comprising:

a plurality of memory cells arranged 1n a matrix form;

a plurality of first global wiring lines each corresponding to
memory cells of a common row;

a plurality of second global wiring lines and a plurality of
third global wiring lines;

a plurality of fourth global wiring lines each corresponding
to memory cells of a common column; and

a plurality of fifth global wiring lines,

cach of the memory cells including a plurality of memory
units, a selection circuit, a first local wiring line, and a
second local wiring line,

the second global wiring lines and the third global wiring
lines corresponding to the memory units of the memory
cells of the common column,

in each of the memory cells,

cach of the memory units including a plurality of transis-
tors, a first non-volatile element, a second non-volatile
element, a first node, and a second node,

the transistors including a first transistor, a second transis-
tor, a third transistor, and a fourth transistor,

the first transistor and the second transistor being con-
nected in series with the first non-volatile element,

the third transistor and the fourth transistor being con-
nected 1n series with the second non-volatile element,

the first node being disposed between the first transistor
and the second transistor,

the second node being disposed between the third transis-
tor and the fourth transistor,
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gates of the first transistor and the third transistor being
connected to the first local wiring line,

a gate of the second transistor being connected to the sec-
ond node,

a gate of the fourth transistor being connected to the first

node,

the first transistor being connected between a correspond-
ing second global wiring line and the first node,

the second transistor being connected between the first
node and the second local wiring line,

the third transistor being connected between a correspond-
ing third global wiring line and the second node,

the fourth transistor being connected between the second
node and the second local wiring line,

the first non-volatile element being disposed between the
corresponding second global wiring line and the first
transistor, between the first transistor and the first node,
between the first node and the second transistor, or
between the second transistor and the second local wir-
ing line,

the second non-volatile element being disposed between
the corresponding third global wiring line and the third
transistor, between the third transistor and the second
node, between the second node and the fourth transistor,
or between the fourth transistor and the second local
wiring line, at a location corresponding to a location of
the first non-volatile element, and

the selection circuit selecting the first local wiring line and
the second local wiring line based on a signal from a
corresponding first global wiring line, a signal from a
corresponding fourth global wiring line, and a signal
from a corresponding fifth global wiring line.

15. The non-volatile memory according to claim 14,

wherein the selection circuit includes a first selection unit and
a second selection unit,

the first selection unit selects the first local wiring line
based on the signal from the corresponding first global
wiring line and the signal from the corresponding fourth
global wiring line,

the second selection unit selects the second local wiring
line based on the signal from the corresponding fourth
global wiring line and the signal from the corresponding
fifth global wiring line, and

cach of the fifth global wiring lines corresponds to the
memory cells of the common row.

16. The non-volatile memory according to claim 14,

wherein the selection circuit includes a first selection unit and
a second selection unit,

the first selection unit selecting the first local wiring line
based on the signal from the corresponding first global
wiring line and the signal from the corresponding fourth
global wiring line,

the second selection unit selecting the second local wiring
line based on a signal from the first selection unit and the
signal from the corresponding {ifth global wiring line,
and

cach of the fifth global wiring lines corresponds to the
memory cells of the common column.
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